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Abstract

Many herbal medicinal plants were used in folk medicine to treat the variety of diseases and illnesses. In
yesteryears the herbal medicinal plants were applied or employed as a treatment without knowing about the
active compounds present in it which is responsible to cure the disease. With the advancement in research, many
of those active compounds were identified that could explain the effective use of such plants. Green synthesis of
silver nanoparticles using herbal medicinal plants is now known to have antimicrobial activities.

The silver nanoparticles (AgNPs) synthesized by the bio reduction of silver nitrate (AgNOs) using aqueous leaf
extracts of plants Swertia chirayita were characterized using UV-Visible spectrophotometer and its antibacterial
activity was studied by agar well diffusion method against different pathogenic bacteria. The antibacterial study
shows good zone of inhibition against human pathogenic bacteria E.coli and Klebsiella species and hence it
proves to have potential application in the area of nano-medicine such as drug delivery, antibacterial, antifungal
and antiviral activities, novel drugs, etc. involving the development and application of materials and technologies
in nanometer length scales.
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Introduction

Medicinal plants referred to as herbal medicines by World Health Organization in the year 2008 are prepared
from raw plant materials such as leaves, roots, shoots, buds, etc. either by extraction, fractionation, purification,
concentration or by any physical or biological methods. Globally, the extract of plants has been used for
antibacterial, antifungal and antiviral activities and shows several therapeutic applications -1,

Green synthesis of nanoparticles is an eco-friendly, clean approach for preparation of nanoparticles where
chemicals used are renewable, non-toxic and reducing agents. The silver nanoparticles prepared using plant leaf
extract are effective against various types of microorganisms and has multi-disciplinary applications in the field
of health sciences, bio-sensors and drug-delivery systems [-4],

Swertia chirayita plant belongs to family of Genitianceae and generally available in India, Nepal and China at an
altitude of 1200-3000m. It is an important medicinal plant and a valuable bitter tonic and their preparation has
been extensively used as antimicrobial, antifungal activity, anti-diarrhoeal, anti-helminthic, anti-inflammatory,
anti-leucorrhoea, anti-rheumatic and anticancer anti-oxidative etc. in prevention and treatment of variety of
diseases for its pharmacological properties. It helps in lowering the blood glucose levels and generally consumed
by people with type-1l diabetes. Flavonoids, anthro-quinones, xanthonons, phenolic acids saponins, tanins,
terpenoids and tocopherols have many important roles in human nutrition as antioxidants 5%, By using
different leaf extracts of Swertia chirayita, silver nanoparticles (AgNPs) are synthesized and its phytochemical
and antimicrobial activities were studied in this present experiment.

Materials and Methods

Preparation of Swertia chirayita leaf extracts

Fresh and healthy leaves of Indian herbal medicinal plants Swertia chirayita were collected from North
Guwabhati hills, Assam, India. The leaves were washed thoroughly with tap water to remove all the dust and
unwanted visible adherent particles. The leaves were allowed to dry at room temperature for a week and then
kept in hot air oven at 50°C for 24 hours. The dried leaves were ground into the fined powder using electrical
grinder. By Soxhlet extraction method, Swertia Chirayaita leaf extract was prepared using methanol as a solvent
(400ml) and leaf powder (40gm) packed in thimbles. The process of extraction was continued until the solvent in
siphon tube of extract dropping from the thimble becomes colourless. The filtered leaf extracts were
concentrated using rotary vacuum evaporator maintained at 60°C till all the solvent got evaporated. The dried
extract was kept in air tight container at 4°C in for further experimentation (Figure 1).
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Fig 1: Preparation of Swertia chirayita leaf extract

Phytochemical screening of crude extract
Preliminarily qualitative phytochemical screenings were carried out for the extracts of Swertia chirayita to
determine the bioactive compounds as per standard methods 12021,

Detection of Alkaloids: The formation of a yellow cream precipitate on treatment of leaf extracts dissolved in
dilute HCL with a few drops of Mayer’s reagent indicates the presence of alkaloids.

Detection of Flavonoids: The formation of an orange colour precipitate on addition of few ml of H,SO,
(sulphuric acid) with the sample extracts indicates the presence of flavonoids.

Detection of Steroids: 2ml of extracts were mixed with a few drops of acetic anhydride in the test tube and
heated and cooled followed by addition of conc. H,SO, along the side of the test tube carefully. Appearance of a
brown ring at the junction of two layers with the upper layer turning green indicates the presence of steroids.

Detection of Terpenoids: The appearance of reddish brown colour precipitate on treating 2ml of leaf extract
dissolved in 2ml of chloroform with 2ml of concentrated sulphuric acid followed by heating for about 2 minutes
indicates the presence of terpenoids.

Detection of Phenols: The formation of bluish black colour precipitate on addition of few drops of 5%, ferric
chloride to leaf extracts indicates the presence of phenols.

Detection of Saponins: The appearance of a creamy stable persistent of small bubbles or foams in a test tube
while shaking and warming a mixture of 5ml of leaf extracts with 5ml of distilled water indicates the presence of
saponins.

Detection of Tannins: The formation of a green precipitate on addition of few drops of Ferric Chloride solution
to 2ml of leaf extracts dissolved in distilled water indicates the presence of tannins.

Detection of Carbohydrates: The formation of reddish brown precipitate on heating the leaf extract dissolved
in distilled water (hydrolysed with dilute hydrochloric acid, neutralized with alkali) with Fehling’s solution A
and B indicates the presence of carbohydrates

Detection of Oils and Resins: The development of transparent appearance on filter paper while applying leaf
extracts on filter paper indicates the presence of oils and resins.

Bio-synthesis of Silver Nanoparticles

The Swertia Chirayita leaf extract was added to silver nitrate (AgNO3) solution and stirred continuously
maintaining at an ambient temperature (15°C to 25°C) for green synthesis of silver nanoparticles (AgNPs). The
AgNPs synthesis was monitored at different time interval using varying concentration of silver nitrate (AgNO3)
and leaf extracts (Figure 2). The whole experiment was carried out under dark condition.
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Fig 2: Green synthesis of Silver nanoparticles using Swertia chirayita leaves extracts

Characterization of Synthesized Silver Nanoparticles

Double Beam UV-visible spectrophotometer, Make and Model Shimudzu UV-1601 of wavelength range 200nm-
800nm with a resolution of 1nm was used to study the bio- reductive property of Swertia chirayita leaf extracts
and formation of AgNPs. Optical Density (O.D) was recorded to confirm the reduction of silver nitrate.

Assessment of Antimicrobial efficacy of Silver Nanoparticles

The antimicrobial efficacy of silver nanoparticles against the human pathogenic microorganisms Escherichia coli
and Klebsiella species were carried out by well-diffusion methods. Fresh overnight cultures of each pathogenic
strain (bacteria 100uL) were taken and spread evenly on the nutrient agar plates using sterile cotton swabs. With
the help of gel puncture 6mm wells were made on the agar plates and 50uL of the silver nanoparticle and leaves
extracts was poured into the each well with a micropipette. For further growth the agar plates were incubated at
37°C for 24 hour in incubator. After inoculation, the diameter of zone of inhibition around each well was
measured. For control, 50pL of 1mM silver nitrate (AgNQs) solutions was used.

Results and Discussion
Phytochemical investigation
The phytochemical investigation of Swertia chirayita leaf extract is shown in Table 1:

Table 1: Phytochemical analysis for Swertia chirayita

Phytochemicals/ Test Name | Observations | Results
Alkaloids
1. Mayer’s Test | Cream colour |+
Flavonoids
1. HySO, Test | Orange colour precipitate |+
Steroids
1. Leibermann Burchard Test | Violet to Blue or Green colour formation | +
Terpenoids
1. Salkowski Test | Reddish brown precipitate |+
Phenols
1. Ferric chloride Test | Deep Blue to Black colour formation | +
Saponin
1. Saponin test | Stable persistence of small bubbles |+
Tannins
1. Ferric Chloride Test | Brownish green/blue black colour |+
Carbohydrates
1. Fehling’s Test | Red brownish colour precipitate |+
Oils & Resins
1. Spot test | Filter Paper Methods | -

+ indicates presence
- indicates absence

UV-Visible spectral analysis of silver nanoparticles

The silver nanoparticles (AgNPs) synthesized from Swertia chirayita leaves extracts and Silver Nitrate solution
(AgNO3) were characterized by using UV-Visible spectrophotometer showing absorbance peak in the range of
430-448 nm. Reaction of the leaf extracts with silver nitrate solution was monitored at different time intervals
and parallel changes in colour were observed. The reaction was carried out under dark condition in order to
avoid photo-activation of silver nitrate at room temperature. The initial colour of the AgNO; solution on
treatment with Swertia chirayita leaf extracts was light yellow. After 24 hours the colour turned pale yellow,
finally the colour changed to dark brown during a period of 96 hours (Figure 3). The breakdown of silver ions
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and formation of silver nanoparticles in the reaction mixture is confirmed by colour change. Reduction of Ag* to
Agis confirmed by the colour change of solution from colourless to brown due to excitation of Surface Plasmon
Resonance (SPR) indicating a very characteristic property of silver nanoparticles formation. On the other hand,
no colour change was observed in the control test of ImM AgNO; solution. The absorbance peak of silver
nanoparticles (AgNPs) was measured at different time intervals for varying concentration of AgNO3 (1-5mM)
with constant leaf extracts (100ulL) constant and vice-versa by varying the leaf extract solution (1-500uL) with
constant AgNO; (ImM). The intensity of absorption peaks increases with increase in the concentration of the
AgNO; solution and leaf extract concentration (Table 2 and Figure 4).
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Fig 3: The colour of Swertia chirayita leaf extract treated with AgNO3; (1-5mM) (a) At 0 hours; (b) After 24
hours; (c) After 48 hours; (d) After 72hours; (e) After 96 hours

Table 2: Absorbance measured by varying the concentration of Swertia chirayita leaf extract keeping AgNO3
concentration constant and varying concentration of AgNOs; solution keeping Swertia chirayita leaf extract
concentration constant

ODat|ODat| ODat | ODat | OD at
Conc. of Conc. Of
SI.No. Leaf extract AGNO 0 24 48 72 96
gies Hours| Hours | Hours | Hours | Hours
Control 0 puL 1mM 0.000 | 0.000 | 0.000 | 0.000 | 0.000
A. With varying Conc. of leafl_ 100uL ImM 0.077 | 0.148 | 0.228 | 0.358 | 0.397
extract (100uL-500uL) 200uL 1mM 0.081 | 0.152 | 0.236 | 0.362 | 0.401
keeping AgNOs(ImM) | 300uL 1mM 0.088 | 0.167 | 0.247 | 0.368 | 0.411
constant 400uL 1mM 0.089 | 0.174 | 0.251 | 0.372 | 0.418
500uL 1mM 0.093| 0.18 | 0.265 | 0.383 | 0.426
100pL Control OmM | 0.000 | 0.000 | 0.000 | 0.000 | 0.000
B. With varying Conc. of 100uL 1mM 0.138 | 0.365 | 0.505 | 0.601 | 0.68
AgNOs (1-5mM) keeping|  100pL 2mM 0.139 | 0592 | 0.62 | 0.859 | 0.94
Leaf Extract (100uL) 100uL 3mM 0.148 | 0.725 | 0.897 | 1.037 | 1.147
constant 100uL 4mM 0.155| 0.744 | 0.943 | 1.094 | 1.229
100pL 5mM 0.168 | 0.765 | 1.102 | 1.123 | 1.254
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Fig 4: Bar diagram showing absorbance of silver nanoparticle formation by varying concentration of leaf
extracts keeping AgNO; concentration constant and varying concentration of AgNO; solution keeping leaf
extract concentration constant
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Antimicrobial activity of silver nanoparticles

The antimicrobial activity of Swertia chirayita leaf extract and bio-reduced silver nanoparticles prepared using
leaf extract were investigated against two bacterial strains, E.coli and Klebsiella species using well diffusion
method is shown in Table 3 and Figure 5. It is believed that the phytochemical compounds in Swertia chirayita
leaf extract and the silver ions of AgNPs inhibit growth of micro-organisms by disrupting the cell membrane,
cellular proteins, DNA strands hereby affecting the permeability and respiratory functions of the pathogens.

Fig 5: Zone of inhibition against bacterial strains (a) E.coli; (b) Klebsiella species after 24 hours using Swertia
chirayita leaf extract and silver nanoparticle

Table 3: Zone of inhibition (in mm) and Bar diagram of Swertia chirayita leaf extract and silver nanoparticles
against E. Coli and Klebsiella sp.

. | Klebsiella
Components E. coli .
species
Swertia chirayita ~ 16 7
9 mm 11 mm £
leaf extract g
g1
-]
=)
=
Z 8
Z
-]
- - E 4_ -
Silver nanoparticles | 12 mm 14 mm ¢
S 0+ : :
Swertia chirayita leaf extract Silver nanoparticles
B E.coli B Klebsiella species
Conclusion

The green synthesis of AgNPs using Swertia chirayita leaf extract is very simple eco-friendly and cost effective
method as the synthesis process does not involve any sophisticated equipment and toxic chemicals. The silver
nanoparticles prepared using Swertia chirayita leaves extracts are non-toxic and shows antibacterial activity
against human pathogenic bacteria E.coli and Klebsiella species. It has wide application in the field of bio-
sensors, health science, drug delivery systems, etc. The synthesized silver nanoparticles (AgNPs) exhibited
maximum absorbance peak in the range of 430-448 nm. The findings of the present study lay the foundation for
future large scale prospective studies from North East India. Also it adds scientific merit to long term use of
Swertia chirayita as traditional herbal medicines.
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